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ABSTRACT

Atomistic molecular dynamics simulations were undertaken to investigate the molecular structure of polymerized ionic liquids (polyILs), a
class of promising electrolyte materials with enhanced mechanical characteristics of a polymer nature and unique physico-chemical
properties inherent from ionic liquid components. We first developed a direct method to calculate the structure factors from simulation
trajectories, complementary to the popular Fourier transform (FT) method. The validity and effectiveness of the direct method were
corroborated by favorable comparison with experimental results and results from the FT method. We then performed detailed structural
analysis on extensive atomistic molecular dynamics simulations of polyILs and found excellent agreement between atomistic simulations
and experimental X-ray scattering profiles in terms of peak shapes and positions. This quantitative comparison study of X-ray scattering and
atomistic simulations will lead to a fundamental understanding of the structure and morphology of polylLs and pave a path forward toward
the rational design of polyILs for electrochemical applications.
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For STIR project Grant W911NF-15-1-0501
Title Quantitative Determination of Partial Structure Factors for Polymerized Ionic Liquids with
Molecular Dynamics Simulations

(1) Foreword

Atomistic molecular dynamics simulations were undertaken to investigate the molecular structure of
polymerized ionic liquids (polyILs), a class of promising electrolyte materials with enhanced
mechanical characteristics of a polymer nature and unique physico-chemical properties inherent from
ionic liquid components. We first developed a direct method to calculate the structure factors from
simulation trajectories, complementary to the popular Fourier transform (FT) method. The validity and
effectiveness of the direct method were corroborated by favorable comparison with experimental
results and results from the FT method. We then performed detailed structural analysis on extensive
atomistic molecular dynamics simulations of polylILs and found excellent agreement between atomistic
simulations and experimental X-ray scattering profiles in terms of peak shapes and positions. This
quantitative comparison study of X-ray scattering and atomistic simulations will lead to a fundamental
understanding of the structure and morphology of polyILs and pave a path forward toward the rational
design of polyILs for electrochemical applications.

(2) Table of Contents
Report is less than 10 pages so omitted.

(3) List of Appendixes, Illustrations and Tables
Nothing to append. See attached papers.

(4) Statement of the Problem Studied

Polymerized ionic liquids (polylLs) are touted as the ideal solid-state electrolyte materials for
electrochemical devices due to their enhanced mechanical characteristics of a polymeric nature and
their unique physico-chemical properties inherent from ionic liquids. Previous studies have suggested
that morphology and structure of polylLs have an significant effect on their ionic conductivities.
Despite significant research effort, the key structural and dynamical relationships of polyILs remain
poorly understood. In particular, the quantitative structure analysis of polyILs is relatively scarce,
which is crucial to understanding the ion transport mechanism from a molecular point of view. The
specific objective of this work were to obtain the quantitative structure information of polylLs via
atomistic molecular dynamics simulations to directly compare with X-ray scattering experiments. The
synergetic effort of molecular simulations and scattering experiments is expected to lead to a step
forward for the rational design of polyILs in electrochemical application.

(5) Summary of the Most Important Results

A conceptually simple and computationally efficient direct method to calculate the total X-ray structure
factor of ionic liquids from molecular simulations were advocated to be complementary to the popular
Fourier transform method. Using tetradecyltrihexylphosphonium bis(trifluoromethylsulfonyl)amide
P14,666 Tf2N as a model system, the validity of the direct method was well formulated and established
by comparison with FT results (see Figure 1). The three principal q sampling of the direct method has
done a satisfactory job with most partial structure factors, but shows an overestimated trend with
Suu(q), Scc(q), and Suc(q). The all-q sampling of the direct method remedies the aforementioned
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